It then evaluates the model using its general-purpose, discrete event simulation software and produces graphical and tabular performance results, along with animation on the original model diagram.
INTRODUCTION
Manufacturing lines, communication networks, computer systems, and transportation systems are examples of systems which are sufficiently complex and expensive that carefWy developed models are needed in order to understand and improve system performance.
In these systems, contention for the use of system resources is the primary factor affecting performance. Thus, queueing network models are typically employed for modeling system behavior. These models can be broadly divided into "traditional" queueing network models (solved analytically) and "extended" queueing network models (solved through simulation) (Lavenberg 1983) . In both cases, the performance model contains queues and "nodes" (which represent the system resources), and jobs (which represent the objects in the system which contend for the use of these resources). The purpose of the model, then, is to analyze the effect of contention on the flow of jobs through the system. RESQME (Kurose et al. 1986 ; R.F. Gordon et al. 1986 Gordon et al. , 1988 Gordon et al. , 1991 K.J. Gordon et al. 1991) provides the capability to speeify and modify a queueing model by drawing a network diagram and attaching attribute in-formation.
It then evaluates the model using its general-purpose, discrete event simulation software and produces graphical and tabular results, along with animation on the original diagram.
Cotildence interval methods are incorporated to insure that the results of a simulation meet the desired level of accuracy, RESQME runs under 0S/2 on the PS/2 and under AIX on the RS/6000, as well as cooperatively between the PS/2 and a host VM system. The latter option provides the flexibility to evaluate models either in standalone mode on the workstation or cooperatively on the host. RESQME can also be accessed on a LAN.
The modeler controls the modeling process with RESQME by selecting menu items and directly ma- Once an icon has been placed on the modeling canvas, the modeler can Move, Delete, Replace or Copy the icon, or Modify its attributes.
Copying an icon from the modeling canvas differs from Adding a new icon from the palette in that all the attributes of the copied icon except for its name are replicated in the new icon.
If the modeler Moves an icon which has routing connections associated with it, the connections stretch or contract to link the icon in its new position and orientation. Commands such as Copy, Move, Delete, and lModify are modal in nature in that, once chosen, the command remains highlighted on the menu, and the modeler can perform the same operation on several icons in sequence without re-selecting the command. The use of modes has proven extremely useful in reducing the number of keystrokes needed in editing a model.
The icon attributes (such as its name, associated distribution (if any), priority information, etc.) are specitied textually in RESQME using context- For example, if a priority queueing discipline is chosen in Figure 2 .
( (The model in Figure   1 contains tackpoints in several of its routes.) Although these tackpoints have no semantic value in the model, they can be moved or deleted just like icons.
It is also possible to insert a tackpoint into an existing line segment. Most models contain one or more branch points-an icon from which a job may go to one of several other icons, based either on a probabilistic decision or on some simulation-dependent condition.
To aid in the spec~lcation of such " l-N" routing, RESQME allows the modeler to build up a We provide an icon-drawing package which allows the modeler to draw icons (thus creating the internal icon structure used by RESQME) by using line, circle, and polyline elements, and to edit these elements with move, copy, and delete commands. Existing icons can be selected as a base for new icons and modfled, or the modeler can start with a blank drawing box. The icon drawing package allows the modeler to group the resulting icons into usercreated icon palettes for a given model or application area.
The modeler links a specflc icon to a submodel by providing it the name of the submodel. Within RESQME, user-created icons are selected and manipulated in the same way as the basic icons. If the modeler selects a model with user-created icons, those icons will be displayed in icon palettes in addition to the two built-in palettes which contain the basic RESQ icons. When the modeler selects a user-created icon and places it on the modeling canvas, RESQME checks whether the submodel is already in the tree structure of the model, If it is not, RESQME will search for the submodel description, and if it exists, will attach it to the model structure. 
Support for Large Models
It must be clear at this point that RESQME models contain both graphical and textual information, that large models will contain large amounts of both kinds of information, and that (in order to be useful) RESQME needs to make it easy for the modeler to switch back and forth between graphics and text management while keeping the context of the model in the modeler's view. The Locate function centers the viewing window over a named icon.
The modeler selects the function, then types the desired name into a small window which appears in the lower right comer of the modeling area. The icon to be located may be anywhere in the current layer of the model. In effect, this permits the modeler to pan the model through an arbitrarily large distance.
As previously mentioned, the Lyr Dn and Lyr Up functions display the network at other nodes of the model tree structure. The display of each layer of the tree is independent of the others' screen management (panning and zooming). If using the host system to execute the model, selecting the Execute item then uploads the model fdes to the host and issues the host command to run the model. In this case, it is the command to run RESQ with the model fdes. The host execution gives us the computing power to run large, realistic models.
The host execution is done in the background, so that the modeler can continue to work at the workstation on this or other models while the host is processing the model. This cooperative processing takes advantage of the host for the ccJmputationintensive execution of the model and the workstation for the interactive graphics.
The modeler can check on the progress of the run at any time.
When the model results are ready, the workstation will sound a beep to notify the modeler. Alternatively, the evaluation of the simulation can be done directly on the workstation, spawning a job to run the simulation.
4
THE OUTPUT ANALYSIS TASK RESQME supports the output analysis task by providing a general-purpose plotting package to graph the results.
This task is integrated with the other tasks of RESQME again using the same model diagram as the interface.
The plotting package is gen-eral in that it can plot the output from any modeling program as long as the output is put in the form: performance measure ident~lcation followed by a vector of x and y values. When the modeler selects the Output Analysis menu item from the Main Menu, a Task Menu appears with the commands to specify the content and the form of the plot, and plot the resulting chart. Figure 3 shows the RESQME The animation subtask (Aggarwal et al. 1989 ) is started from the Output Analysis task. The animation shows the movement of jobs and tokens and the change in queue lengths of the nodes in the model and in the submodel invocations. RESQIME can display the animation for any selected invocation or, at the modeler's option, it can trace a given job as it moves up and down through the invocations of the model.
In the latter case, the animation will automatically layer to each invocation that the job visits.
During this tracing of a given job, the status at queues and the movement of other jobs and tokens for each displayed invocation are also shown.
SUMMARY
In this paper, we have described our efforts in de- 1991. An extensible visual environment for construction and analysis of hierarchically-
